There is described a glass laboratory extraction apparatus, operating with reflux, for use with solvents heavier than the liquids to be extracted. Data are given on the extraction, with acetic acid, of a narrow-boiling fraction of "waterwhite" lubricating oil.
INTRODUCTION
Solvent extraction is often useful for the separation of complex liquid mixtures when other methods of fractionation are not effective. Saal and van Dyck 3 pointed out the similarity between solvent extraction and distillation, the solvent phase in extraction being analogous to the vapor phase in distillation, and emphasized the importance of the reflux ratio in extraction. Similar calculations on the theory of solvent extraction with reflux were made by Fenske and his coworkers,4.6·6 who applied t.he principles in actual practice and effectively separated narrow-boiling cuts of lubricating oils by this method.
The present paper describes a glass laboratory extracting column, operating with reflux, for use with solvents denser than the liquid being extracted. This is a modification of the larger columns developed by Fenske and his coworkers.7 Data are also given on the use of this column in extracting a narrow-boiling fraction of "waterwhite" lubricating oil with acetic acid. s ! Financial assistance has been received from the research fund of the American Petroleum Institute. This work is part of Project 6, The Separation, Identification, and Determination of the Constituents of Petroleum.
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II. APPARATUS AND EXPERIMENTAL PROCEDURE
The apparatus is shown schematically in figure 1 . The solvent is first placed in the apparatus to the height, a. The material to be extracted is then introduced through the condenser, A, into the section C, where it floats on the surface of the solvent. By means of the heater, F, the solvent in the evaporator, D, is distilled over into section C, the vapor being liquefied in the condenser, A . The evaporator, D, is an inverted 500-ml Kjeldahl flask, the lower section of which has fine particles of carborundum fused on the inner surface to insure uniform boiling. B is a ground joint. Section C is warmed by means of the heater, E, in order to increase the solubility of the material being extracted as the solvent passes down through it. For some distance below the section C, the temperature gradient of the tube, G, which has an outside diameter of about 8 mm, is controlled by means of the electrical heating unit, 1. The saturated solution, gradually cooling, passes down the tube, G, to the cooled section, J, where most of the dissolved material is precipitated and returns up the tube in the form of small globules. The 200-ml flask, M, below the section J , serves to allow the finer particles, formed in J and carried down by the flow of the solution, to coalesce, because of the decreased velocity of flow, and rise up the tube, G, rather than be carried across to the tube, H, which returns the solution to the evaporator, D, to be recirculated. The flask, M, is covered with a O.5-in. layer of magnesia, K. By means of a suction tube inserted through the opening at B, there is withdrawn from the evaporator, D, at appropriate intervals, such an amount of solution as will contain the quantity of material desired for one fraction. An amount of solvent equivalent to that in the solution withdrawn at D is added to the system through the condenser, A. The column is drained by breaking the lower tip, L . The tubes, G and H, are made as long as practicable, as the effectiveness of separation depends to a great extent on the length of column. The optimum dimensions of the tubes, G and H; the boiler, D; the sections C and J; and the flask, M, are a function of the quantity of material being extracted and of the solubility of the various constituents in the solvent. The rate of evaporation of solvent from the boiler, D, which determines the rate of circulation of solvent through the system (counterclockwise, as sketched) , is adjusted to a value below that at which the circulation will be so rapid as to carry globules of oil across the lower end of the apparatus from the flask, M, to the tube, H.
III. RESULTS
In table 1 are given the physical properties of the original fraction of "water-white" lubricating oil 9 and of the fractions obtained by solvent extraction with reflux in a column 14 m long, using acetic acid as the solvent. In this experiment, the temperature of the cooling section, J, was kept at about 17° 0, in order to avoid solidification of acetic acid and to obtain the maximum separation possible. Fractions were withdrawn at intervals of about 12 hr. 5______ ___ _____ __ ______________ 
I-mmHg pressure
The extent of the separation obtained by this method is clearly shown by a comparison of the physical properties of the fractions with those of the original oil. Coloration of the oil occurred during the extraction with acetic acid, the greater part of the color being concentrated in the first fractions. This coloration did not appear to affect very much the physical properties of the oil, as the recombination of the separated fractions gave a composite whose physical properties, except for the dark color, were nearly identical with those of the original oil. 1O WASHINGTON, November 17, 1937.
